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This study investigates methods to improve storage life of purple passionfruit (Passiflora 
edulis Sims) and tamarillo (Cyphomandra betacea (Cav.) Sendt). For passionfruit, the 
main problem for export and storage is shrivelling whereas for tamarillo the quality of the 
stem is a key factor in export standards. 
Eating quality of passionfruit was best described by the titratable acidity (TA) and the 
soluble solids content (SSC) with the optimal eating flavour found at an SSCff A ratio 
between 10-11. Wax coating, ethylene scavenging, and modified atmosphere packaging 
(MAP) were assessed as tools to improve storage life. MAP with varying oxygen 
transmission rates (OTR at 5°C; 854, 1437, 2347 and 3089 ml m-2 day-1) were compared to 
the standard packaging in a cardboard box during storage at the commercial temperature of 
8°C. Fruit quality was measured after 20, 28, and 42 days of storage with and without 
seven days of shelf life at 20°C in the same packaging as during storage. Waxing did not 
improve the quality of the fruit. MAP prevented shrivelling but in the packaging with 
lower OTR (854 - 1437 ml m-2 day-1) unacceptable external defects developed. Fruit 
quality in the packaging with the higher OTR (2347 - 3089 ml m-2 day-1) was similar 
except for the development of off-flavours in the packaging with an OTR of 2347 ml m-2 
dai1 during shelf life possibly due to the high ethylene accumulation since the addition of 
an ethylene scavenger in a second trial eliminated the off-flavour development. The 
highest OTR MAP is the best option for long term storage. The second highest OTR MAP 
could be used providing an ethylene scavenger is added. 
To extend the storage life of tamarillo, two MAP options (OTR at 5°C; 1437 and 3089 ml 
m-
2 day-1) were compared to the standard packaging in a cardboard box with polyliner as 
well as the effect of adding clove oil releasing sachets. All fruit were stored at 4°C for 56 
days and fruit and stem quality was measured fortnightly with and without three days of 
shelf life at 20°C. MAP delayed the development of stem yellowing, which was related to 
chlorophyll degradation, but did not improve fruit quality and increased stem blackening 
and bleeding in the locule, especially when clove oil was added. Blackening was related to 
Abstract 11 
polyphenol oxidase activity and was aggravated by clove oil or by injury (e.g. disruption of 
cellular membranes) due to lower 0 2, higher C02 and higher ethylene concentrations. 
Thus, for the two films tested, MAP with or without the addition of clove oil offered no 
advantages over conventional air storage. 
Acknowledgements ll1 
ACKNOWLEDGEMENTS 
I wish to express my appreciation to the fo llowing people who supported me and were 
involved in this thesis. 
Dr. Wendy Schotsmans, Postharvest Physiologist and my supervisor, for her academic 
comments, support and encouragement, throughout my study and for her kindness to me. 
Thanks for offering me academic opportunities and checking and correcting the thesis. 
Associate Professor John Mawson, Manager of Fresh Technologies and my supervisor, for 
his academic comments, suggestion in my experiment, and correction in this thesis. 
I could thank all of my colleagues at Fresh Technologies at the Institute of Food, Nutrition 
and Human Health of Massey University one by one for the interesting time I spent as part 
of the group but that would take me too far. Special thanks goes out to Weerawate Utto, 
Packaging Technologist and Lecturer in Ubon Ratchathani University, for introducing me 
to postharvest studies. Thanks al so for passing on your deep knowledge of postharvest and 
laboratory work, and to his wife and lovely daughter for being friends and family, and 
helping during my life in New Zealand. 
Dr. Supranee Manushinakom for lecturing on polyphenol oxidase and chemical analysis 
and laboratory work and her friendliness and kindness. 
Dr. Narumol Matan for providing all information on eugenol measurement and related 
topics. 
Dr. Bruce Mackay for his professional skill in statistics, discussing, and checking statistical 
analysis. 
Sue Nicholson for her professional ski lls in lab guidance, advice, and discussion 
particularly on gas measurements. Sunil Pinnamaneni and Aziz AI-Harthy for laboratory 
work and being friends in the postharvest laboratory. Peter Jeffery for your computer 
expertise when I had problems with my computers. 
Acknowledgements IV 
Mark Bloxwich and Janette from PassionNZ for the passionfruit and the input of trade 
knowledge. Haydon Fisher Memorial Tamarillo Bursary for providing funds for the 
tamarillo research. The Craig and Robyn Watson Redwood orchard for supplying the 
tamarillo fruit. Andrew Sheerin from Convex plastics for supplying the packaging material 
and industry knowledge. 
I also want to express my appreciation for all the help with administrative details and 
questions from Yvonne Parkes, and Kathy Hamilton. 
Thai friends (Pattamawadee, Duljira, Aunkana, and Chanapha) for discussion, advises, and 
parties throughout my study life. 
Y ouTube website for providing funny clips and stopping my homesickness. It was only 
one thing that could make me happy during writing thesis. 
Finally, I would like to thank my 'Pongjaruvat' family (parents and brothers) for their 
support, mentally, and physically, during my lonely life in New Zealand. Thinking about 
seeing the most beautiful smile from my family after I got a master degree, I would forget 
and forgive my bad days and that really drove me to work harder and harder. 
Wattana Pongjaruvat July, 2007 
Table of contents v 
TABLE OF CONTENTS 
ABSTRACT .......................................................................................................................... i 
ACKNOWLEDGEMENTS ............................................................................................... iii 
TABLE OF CONTENTS .................................................................................................... v 
LIST OF FIGURES ............................................................................................................ ix 
LIST OF TABLES ............................................................................................................. xv 
LIST OF SYMBOLS AND ABBREVATIONS ............................................................. xix 
CHAPTER 1 
INTRODUCTION ............................................................................................................... 1 
1.1. Passionfruit and tamarillo in New Zealand .................................................... ............ 1 
1.2. Modified atmosphere packaging ..... .... ........................................... ... ......................... 3 
1.3. Research structure and objective of the thesis ........... .............. .... .... .... .. ...... ....... ........ 4 
CHAPTER2 
LITERATURE REVIEW ................................................................................................... 7 
2.1. Introduction ...................... ..... .. ....... .. ...... ..... .... ..... ........... ........ ... .. .. .................. .......... 7 
2.2. Postharvest physiology ....................................................................... .. ...................... 7 
2.3. Deterioration of fruit stem ....... ............. ............................................................ ........ 23 
2.4. Postharvest technologies ....... ....... ... ... .. ... ... ....... ... ... ... .......... .... .... ... ....... .... .............. 29 
Table of contents Vl 
CHAPTER3 
MATERIALS AND METHODS ...................................................................................... 35 
3.1. Introduction ........ ...... ........... ............. ... ..... ..... ......... ........... ..... .... ...... .. ... ............... .... . 35 
3.2. Fruit source .. .. ..... .. .... .. ... .. ... ........... ... .. ... ........ .... ............ ................................. ........ .. 35 
3 .3. Experimental design ....... .... .. ..... ......... .. ... ........ .. ..... .... .. ........... .. ... ...... ....... .. .... ....... .. 36 
3.4. Active packaging .... ................... .. ....... .. ........... .... .... ..... .................. ..... ... ...... ............ 38 
3. 5. Measurements ................... .......................................... .. ..... .. ..... .. .. .. .... ... ... .... ....... ... .. 3 9 
3.6. Statistical methods ... ..... ... ... ....... ..... ..... ............. .......... ..... .. .. ...... ..... ........ ..... ......... .... 48 
CHAPTER4 
PHYSIOLOGICAL AND CHEMICAL CHARACTERISTICS OF PURPLE 
PASSIONFRUIT ................................................................................................................ 49 
4.1 . Introduction .... .. ..... .... ...... .... ... ..... ... .. ...... .......... ...... ...... ...... ....... ...... ....... ..... ....... .. .. ... 49 
4.2. Results of the first trial ..... ......................... ...... ...... ..... ........ ........... .. .. ....................... 50 
4.3. Results of the second trial.. ...... ................... ....... ................................. ................... ... 69 
4.4. Discussion ........ ..... ..................... ....... ..... ...... ......... ...... ... ... ........ ...... ..... ......... .. .... ..... . 77 
4.5. Conclusion ................................................. .. ... .. .... .. ... .. .. ... ....... ... ... ........ .... ... ..... .. ..... 89 
CHAPTERS 
PHYSIOLOGICAL AND CHEMICAL CHARACTERISTICS OF 'MULLIGAN 
RED' T AMARILLO FRUIT AND STEM ...................................................................... 93 
5.1. Introduction ... ... .. ... .... .. .. .... .. ..... .. ... .. .. .. .. ... ....... ... ... .... .... .... ... .... ...... .. ..... ... ............ ..... 93 
5.2. Observations of disorders and resulting changes in the experiment.. ..... .... ... ...... .... . 93 
Table of contents Vll 
5.3 . Results ........ ... ..... .. ........... .. ............ .... ...... .. ........... ... ..................................... ... ...... ... 95 
5.4. Discussion .. .. ........... .............. .. .. ... ....... .... .... ... .... .. .. ............................ ........... .... ...... 121 
5.5. Conclusion .... ............................... ............... ......................................... .......... ... ...... 136 
CHAPTER6 
CONCLUSION ................................................................................................................ 139 
6.1. Passionfruit ....... ............. .. .... ......... .......................................................................... 139 
6.2. Tamarillo ....... ...... ....... ........ .... ......... .............. .... .... .... ............................................. 141 
6.3. Recommendations and future work ........... .. ..... .. ....... ... .................. .. ...................... 143 
REFERENCES ..................................................... ........................................................... 145 
APPENDICES .................................................................................................................. 157 
Appendix A: The preparation of saturated silica gel with clove oil .................................. 157 
Appendix B: Calculation of water vapour permeance ...................................................... 158 
Appendix C: Calculation of rates of C02 production, 0 2 consumption, and C2H4 
production .......................................................................................................................... 160 
Appendix D: Calculation of eugenol concentration .......................................................... 161 
Appendix E: The appearance scales developed by HortResearch ..................................... 162 
Appendix F: The measurement and calculation of the plastic packaging film permeability 
to water vapour .................................................................................................................. 168 
Appendix G: Analyses of ethylene production of passionfruit ......................................... 170 
Appendix H: Summary of analyses of postharvest quality attributes of tamarillo provided 
in Table A- 3 to Table A- 16 ............................................................................................. 171 
Table of contents Vlll 
List of figures lX 
LIST OF FIGURES 
Figure 2-1. Pathway of ethylene biosynthesis (Saltveit, 1999) ............... ............ .. ... ... ........ 15 
Figure 3-1. Measurement of water vapour permeance with wet/dry bulb probe, data logger, 
and fruit skin temperature measurement .......... ................................................. 40 
Figure 4-1. Fruit in Bag 1 (A) development of red spots and bleeding after 20 days of 
storage at 8°C, (B) development of red spots and white fungus after 20 days of 
storage with 7 days of shelf life at room temperature (20°C) .................... .... ... . 50 
Figure 4-2. Weight loss of the control, waxed fruit, fruit in Bags 2, 3, and 4 during storage 
at 8°C without shelf life (-), and with 7 days of shelf life at 20°C (---). 
(s.e. = 1.1 , n = 20 fruit) .. ....... .. ....... .... ..... ......... ... .......................................... ..... 52 
Figure 4-3 . C02 production rate of the control and waxed fruit during storage at 8°C 
without shelf life (-), and with 7 days of shelf life at 20°C (---). (s.e. = 0.05, 
n = 20 fruit) .... ....... ...... ..... .. ............ ................................................. .................. . 53 
Figure 4-4. The respiratory quotient of the control and waxed fruit during storage at 8°C 
without shelf life (-), and with 7 days of shelf life at 20°C (---). (s.e. = 0.23 , 
n = 20 fruit) ...... ....... ..... .. .......... ...... ... ...... ...... .. ... ..... ........... .............. ............ ...... 54 
Figure 4-5. 0 2 concentration in Bags 2, 3, and 4 during storage at 8°C without shelf life 
(-),and with 7 days of shelf life at 20°C (---). (s.e. = 0.68, n = 2-5 bags) ..... . 55 
Figure 4-6. C02 concentration in Bags 2, 3, and 4 during storage at 8°C without shelf life 
(-), and with 7 days of shelf life at 20°C (---). (s.e . = 0.79, n = 2-5 bags) .. ... . 55 
Figure 4-7. Ethylene production of the control and waxed fruit during storage at 8°C 
without shelf life (-), and with 7 days of shelf life at 20°C (---). (s.e. = 0.17, 
n = 20 fruit) .......... ..... ...................... ......... ........ ............................. .. .. ...... .. ......... 56 
Figure 4-8. Ethylene concentration in Bags 2, 3, and 4 during storage at 8°C without shelf 
life(-), and with 7 days of shelf life at 20°C (---). (s.e. = 43.13, n = 2-5 bags) 
············· ·· ······· ······ ··· ···· ········ ··· ····· ······· ············· ··········· ··· ····················· ······· ····· ····· 57 
Figure 4-9. Lightness of the control, waxed fruit, and fruit in Bags 2, 3, and 4 during 
storage at 8°C without shelf life (-), and with 7 days of shelf life at 20°C (---). 
(s.e. = 0.88, n = 20 fruit) ... ..... .. ..... .................... ............ .. .. ...... ... .. .. ... .. .. ..... ..... .. . 59 
Figure 4-10. The hue angle of the control, waxed fruit, and fruit in Bags 2, 3, and 4 during 
storage at 8°C without shelf life (-), and with 7 days of shelf life at 20°C (---). 
(s.e. = 2.70, n = 20 fruit) ......................... .... ..... ............... .. .... ... .... .. ... ..... .... ..... ... 60 
List of figures x 
Figure 4-11. Stiffness of the control, waxed fruit , and fruit in Bags 2, 3, and 4 during 
storage at 8°C without shelf life (-), and with 7 days of shelf life at 20°C (---). 
(s.e. = 0.94, n = 20 fruit) ............ ................ .... ......... .......... .............. .. ....... .......... 61 
Figure 4-12. Compression firmness of the control, waxed fruit, and fruit in Bags 2, 3, and 4 
during storage at 8°C without shelf life (-), and with 7 days of shelf life at 
20°C (---). (s.e. = 1.45, n = 20 fruit) .................................................................. 62 
Figure 4-13. pH of the control, waxed fruit, and fruit in Bags 2, 3, and 4 during storage at 
8°C without shelf life (-), and with 7 days of shelf life at 20°C (---). 
(s.e. = 0.002, n = 20 fruit) .................................................................................. 65 
Figure 4-14. Titratable acidity of the control, waxed fruit, and fruit in Bags 2, 3, and 4 
during storage at 8°C without shelf life (-), and with 7 days of shelf life at 
20°C (---). (s.e. = 0.04, n = 20 fruit) .... ..... .. .. .. .... ... .... ....... ..... ...... .... .... .. ........ .... 66 
Figure 4-15. The SSC/TA ratio of the control, waxed fruit, and fruit in Bags 2, 3, and 4 
during storage at 8°C without shelf life (-), and with 7 days of shelf life at 
20°C (---). (s.e. = 3.0, n = 20 fruit) .. ................. .. ............ ................................... 67 
Figure 4-16. Sweetness score of the control, waxed fruit, and fruit in Bags 2, 3, and 4 
during storage at 8°C without shelf life (-), and with 7 days of shelf life at 
20°C (---). (s.e. = 0.11, n = 20 fruit) ..... ............................................................. 68 
Figure 4-17. Sourness score of the control, waxed fruit, and fruit in Bags 2, 3, and 4 during 
storage at 8°C without shelf life (-), and with 7 days of shelf life at 20°C (---). 
(s.e. = 0.15, n = 20 fruit) ... ................................................................................. 69 
Figure 4-18. Fruit in Bag 3 after 49 days of cold storage at 8°C ....... .. .......... ................ .... .. 70 
Figure 4-19. Fruit in Bag 2 after 70 days of storage at 8°C with 4 days of shelf life at 20°C 
...... ..... ........... ..... .... ..... .. .... .. ... ..... ..... ......... .. .... ...... ...... .. ... ........... .............. ......... 71 
Figure 4-20. Fruit in Bag 4 with K.Mn04 after 70 days of cold storage at 8°C with 7 days of 
shelf life at 20°C (left) fruit with bleeding, large indentations, and white 
powder-like substance in 2 bags and (right) healthy fruit in 3 bags ...... .... .. ...... 71 
Figure 5-1. Discoloration on the surface of fruit in Bag 2 (A) and Bag 3 (B) with the 
addition of clove oil after 28 days of cold storage at 4°C (left) and during 3 
days of shelflife at 20°C (right) ........................................................................ 94 
Figure 5-2. Comparison of the locule of the control fruit (left) and fruit in Bag 3 without 
the addition of clove oil (right) after 28 days of cold storage ...................... ..... 95 
Figure 5-3. Discoloration at fruit base (left) and disrupted locule (right) of fruit in Bag 3 
without the addition of clove oil during 3 days of shelf life after 28 days of cold 
storage ................................................................................................................ 95 
List of figures Xl 
Figure 5-4. Weight loss of the control fruit and fruit in Bags 2 and 3 with or without the 
addition of clove oil during storage at 4 °C (days) without shelf life (-), and 
with 3 days of shelf life at 20°C (---). (s.e. = 0.007, n = 16 fruit) ..... ............ .... 96 
Figure 5-5. C02 production rate of the control fruit and fruit in Bags 2 and 3 with or 
without clove oil during storage at 4 °C without shelf life (-), and with 3 days 
of shelf life at 20°C (---). (s.e. = 0.004, n = 8 fruit) ..... ....... .............................. 97 
Figure 5-6. 0 2 consumption rate of the control fruit and fruit in Bags 2 and 3 with or 
without clove oil during storage at 4 °C without shelf life (-), and with 3 days 
of shelf life at 20°C (---). (s.e. = 0.02, n = 8 fruit). Data for control and Bag 2 
after 14 days are missing due to equipment failure ........................................... 98 
Figure 5-7. 0 2 concentration in Bags 2 and 3 with or without clove oil during storage at 
4 °C without shelf life (-), and with 3 days of shelf life at 20°C (---). 
(s.e. = 0.52, n = 4 bags) ..................................................................... ........ ...... 100 
Figure 5-8. C02 concentrations in Bags 2 and 3 with or without clove oil during storage at 
4 °C without shelf life (-), and with 3 days of shelf life at 20°C (---). 
(s.e. = 0.23 , n = 4 bags) .............................................. ..................................... 101 
Figure 5-9. Ethylene production rate of the control fruit and fruit in Bags 2 and 3 with or 
without clove oil during storage at 4 °C without shelf life (-), and with 3 days 
of shelf life at 20°C (---). (s.e. = 7x 1 o-4, n = 8 fruit) ....................................... 102 
Figure 5-10. Ethylene concentration in Bags 2 and 3 with or without clove oil during 
storage at 4 °C without shelf life (-), and with 3 days of shelf life at 20°C (---). 
(s.e. = 5.79, n = 4 bags) ........ ..... ............................. ........... .... .......................... 103 
Figure 5-11. Eugenol concentration in Bags 2 and 3 during storage at 4°C (above) and with 
3 days of shelf life at 20°C (below). Vertical bars indicate standard deviations 
surrounding the mean ...................................................................................... 104 
Figure 5-12. Lightness of the control fruit and fruit in Bags 2 and 3 with or without clove 
oil during storage at 4 °C without shelf life (-), and with 3 days of shelf life at 
20°C (---). (s.e. = 0.48, n = 16 fruit) ................................................................ 105 
Figure 5-13. Redness (a*), yellowness (b*), and chroma (C*) of the control fruit and fruit 
in Bags 2 and 3 with or without clove oil during storage at 4°C without shelf 
life(-), and with 3 days of shelflife at 20°C (---). (s.e. of a*, b*, and c* = 2.02, 
0.59, and 2.45, respectively, n = 16 fruit) ........................................................ 106 
Figure 5-14. Hue angle of the control fruit and fruit in Bags 2 and 3 with or without clove 
oil during storage at 4 °C without shelf life (-), and with 3 days of shelflife at 
20°C (---). (s.e. = 1.15, n = 16 fruit) ... .. ..... .... ... .. ..... ......... ..... .......................... 107 
List of figures Xll 
Figure 5-15. Stiffness of the control fruit and fruit in Bags 2 and 3 with or without clove oil 
during storage at 4 °C without shelf life (-), and with 3 days of shelf life at 
20°C (---). (s.e. = 0.83, n = 16 fruit) ..... ..... ... ..... ... ... .. .... ... .. ... ... .... ................... 108 
Figure 5-16. Compression firmness of the control fruit and fruit in Bags 2 and 3 with or 
without clove oil during storage at 4 °C without shelf life (-), and with 3 days 
ofshelflife at 20°C (---). (s.e. = 2.64, n = 16 fruit) ....... .... ....... .. .... .... ............ . 109 
Figure 5-17. pH of the control fruit and fruit in Bags 2 and 3 with or without clove oil 
during storage at 4 °C without shelf life (-), and with 3 days of shelf life at 
20°C (---). (s.e. = 0.003, n = 16 fruit) ..... .... ...... .... ....... ..... ........ .... ........ .. ......... 111 
Figure 5-18. Titratable acidity of the control fruit and fruit in Bags 2 and 3 with or without 
clove oil during storage at 4 °C without shelf life (-), and with 3 days of shelf 
life at 20°C (---) . (s.e. = 0.02, n = 16 fruit) .. ..... .... ... ... ............................... ...... 112 
Figure 5-19. The SSC/TA ratio of the control fruit and fruit in Bags 2 and 3 with or 
without clove oil during storage at 4 °C without shelf life (-), and with 3 days 
of shelf life at 20°C (---). (s.e. = 0.45, n = 16 fruit) ............... .. ..... ......... .... .. .. .. 113 
Figure 5-20. Moisture content in the stems of the control and fruit in Bags 2 and 3 with or 
without clove oil during storage at 4 °C without shelf life (-), and with 3 days 
of shelf life at 20°C (---). (s.e. = 3.45, n = 5 stems) .... .................................... 114 
Figure 5-21. Chlorophyll content of the control fruit and fruit in Bags 2 and 3 with or 
without clove oil during storage at 4 °C without shelf life (-), and with 3 days 
of shelflife at 20°C (---). (s.e. = 14.97, n = 5 stems) ........ .. .... .. .......... .. .......... 115 
Figure 5-22. Polyphenol oxidase activity in the stem of the control fruit and fruit in Bags 2 
and 3 with or without clove oil during storage at 4 °C without shelf life (-), and 
with 3 days of shelf life at 20°C (---). (s.e. = 615.49, n = 5 stems) .. .. .. .. .... .... . 116 
Figure 5-23. The score of discoloration on the fruit surface of the control fruit and fruit in 
Bags 2 and 3 with or without clove oil during storage at 4 °C without shelf life 
(-), and with 3 days of shelflife at 20°C (---). (s.e. = 0.14, n = 16 fruit) ..... . 117 
Figure 5-24. Calyx lifting and blackening scores of the control fruit and fruit in Bags 2 and 
3 with or without clove oil during storage at 4 °C without shelf life (-), and 
with 3 days of shelf life at 20°C (---). (s.e. of calyx lifting and 
blackening= 0.05 and 0.1, respectively, n = 16 fruit) ......... .. .......................... 118 
Figure 5-25. Stem blackening and yellowing score of the control fruit and fruit in Bags 2 
and 3 with or without clove oil during storage at 4 °C without shelf life (-), and 
with 3 days of shelf life at 20°C (---). (s.e. of stem blackening and 
yellowing= 0.11and0.09, respectively, n = 16 fruit) ........ ... .......... ... ..... ....... 120 
Figure A- 1. Standard curve of eugenol.. ....... ............ .......... ............. ..... .... ....... ..... ...... ..... . 161 
List of figures Xlll 
Figure A- 2. Calyx lifting ............ ........... ............ .. ...... ...... ..... ...................... ...................... 162 
Figure A- 3. Calyx blackening .... ....... ... ............... ..... ..... .... .... .......... .... ........ .... ................. 163 
Figure A- 4. Body di sorders and discoloration .................................. .. .... .. .. ..................... 164 
Figure A- 5. Stem end rots .................... ....................... ... ............................... ................ ... 165 
Figure A- 6. Stem yellowing ..................................................... ........ .......... ........ ...... ... ..... 166 
Figure A- 7. Stem blackening ... .................................................................... .... ................. 167 
Figure A- 8. Aluminium moisture can ... ..... .... .... .. .... ..... ....... .. ........ ... ........... .... ................ 168 
Figure A- 9. The measurement of the permeability of the plastic packaging film to water 
vapour ... ..... .. .... .. ....... ............................................. .......................................... 168 
List of figures XlV 
List of tables xv 
LIST OF TABLES 
Table 1-1. Features of New Zealand passionfruit and tamarillos (*from Janet (2005), ** 
from MAF (2006)) ..... ............ ... ....... ... ... .. ............... .. ...................... ..... .. .............. 1 
Table 2-1. Respiration rates of passionfruit and tamarillo under normal atmosphere ........ 14 
Table 2-2. Ethylene production (C2H4) of purple passionfruit and red tamarillo .... .. ...... ... 16 
Table 3-1. Application of control, waxing, and packaging treatments in passionfruit 
project. ................................ .. .... .... ... ...... .. ....... .. ...... ................ .. .. ...... ... ......... ..... 36 
Table 3-2. Application of packaging treatments in the second trial of passionfruit.. ........ .. 37 
Table 3-3. Treatments applied in tamarillo project .. ... ....... .. .. ... .. .... .... ................................ 38 
Table 4-1. Influence of waxing, cold storage at 8°C (days), and shelf life at 20°C (days) on 
water vapour permeance (WVP) .... .... ............. .. .............................. ...... .. ........ .. 51 
Table 4-2. Influence of waxing, cold storage at 8°C (days), and shelf life at 20°C (days) on 
the 0 2 consumption rate (r02) .......•.....•..............•...•........•.•...............•.•...•••....... 53 
Table 4-3. Influence of waxing, packaging (Bags 2, 3, and 4), cold storage at 8°C (days), 
and shelf life at 20°C (days) on lightness (L \ redness (a\ yellowness (b \ 
chroma (C\ and hue angle (h0 ) •..•. • ...•• • ••• • . ..• ..••. . .. .. ...•• •.•••••••••••••••••••••••••.••.•••••. 58 
Table 4-4. Influence of waxing, packaging (Bags 2, 3, and 4), cold storage at 8°C (days), 
and shelf life at 20°C (days) on pulp yield and absolute pulp weight ...... ......... 63 
Table 4-5 . Influence of waxing, packaging (Bags 2, 3, and 4), cold storage at 8°C (days), 
and shelf life at 20°C (days) on soluble solids content (SSC) .. ......................... 64 
Table 4-6. Quality of the passionfruit at harvest for the first and second trials .................. 70 
Table 4-7. The weight loss of fruit in Bag 2 and Bag 4 with KMn04 during storage at 8°C 
for 42 days and for 70 days with or without 7 days of shelflife at 20°C ..... .... . 72 
Table 4-8. 0 2, C02, and C2H4 content in Bag 2 and Bag 4 with KMn04 during storage at 
8°C for 42 days and for 70 days with or without 7 days of shelf life at 20°C ... 72 
Table 4-9. The values of lightness (L *), redness (a\ and yellowness (b *) of fruit in Bag 2 
and Bag 4 with KMn04 during storage at 8°C for 42 days and for 70 days with 
or without 7 days of shelf life at 20°C .... .. .... ........ ....... .. ...... ......... ..... .. ... ......... .. 73 
Table 4-10. The values of chroma (C*) and hue angle (h0 ) of fruit in Bag 2 and Bag 4 with 
KMn04 during storage at 8°C for 42 days and for 70 days with or without 7 
days of shelflife at 20°C .......... .... .......... .. ... ..... .... ....................... ......... ...... ........ 73 
., 
List of tables XVI 
Table 4-11. Stiffness of fruit in Bag 2 and Bag 4 with KMn04 during storage at 8°C for 42 
days and for 70 days with or without 7 days of shelflife at 20°C ..................... 74 
Table 4-12. Compression firmness of fruit in Bag 2 and Bag 4 with KMn04 during storage 
at 8°C for 42 days and for 70 days with or without 7 days of shelf life at 20°C 74 
Table 4-13 . Pulp yield of fruit in Bag 2 and Bag 4 with KMn04 during storage at 8°C for 
42 days and for 70 days with or without 7 days of shelflife at 20°C .. .... .......... 75 
Table 4-14. Soluble solids content (SSC) of fruit in Bag 2 and Bag 4 with KMn04 during 
storage at 8°C for 42 days and for 70 days with or without 7 days of shelf life at 
20°c ... , .... ............. .. .. .............. .. ... .. .......................... ........................ ....... ... ..... .. .. 75 
Table 4-15. pH and titratable acidity (TA) of fruit in Bag 2 and Bag 4 with KMn04 during 
storage at 8°C for 42 days and for 70 days with or without 7 days of shelf life at 
20°c ............... ..... .... ... .... ..... .. ....... ............... .... ............. ...................................... 76 
Table 4-16. The SSC/TA ratio of fruit in Bag 2 and Bag 4 with KMn04 during storage at 
8°C for 42 days and for 70 days with or without 7 days of shelf life at 20°C ... 76 
Table 4-17. The scores of sweetness and sourness of fruit in Bag 2 and Bag 4 with KMn04 
during storage at 8°C for 42 days and for 70 days with or without 7 days of 
shelf life at 20°C ................................................................................................ 77 
Table 5-1 . The respiratory quotient of the control fruit and fruit in the bags with or without 
clove oil during cold storage at 4°C without and with 3 days of shelf life at 
20°C. (s.e. = 0.34, n = 8 fruit) ............................................................................ 99 
Table 5-2. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on soluble solids content (SSC) ................................................. 110 
Table A- 1. Influence of waxing, cold storage at 8°C (days), and shelf life at 20°C (days) 
on ethylene production rate (C2H4) ...... .......... ... ................... .................... ... ..... l 70 
Table A- 2. Influence of packaging (Bags 2, 3, and 4), cold storage at 8°C (days), and shelf 
life at 20°C (days) on ethylene concentration (C2~) in packaging ......... ... .... 170 
Table A- 3. Influence of packaging, cold storage at 4°C (days), shelf life at of 20°C (days), 
and clove oil on weight loss ............. .. ............. ... .. .. .. ............ .. ............. .......... .. . 171 
Table A- 4. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on C02 production rate (rC02) ................................................... 172 
Table A- 5. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on 0 2, C02, and ethylene (C2H4) concentrations in packaging .173 
Table A- 6. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on ethylene production rate (C2H4) .. .. ... ... ............................. .. ... 174 
List of tables XVll 
Table A- 7. Influence of packaging, cold storage at 4°C (days), and shelf life at 20°C 
(days) on eugenol concentration in packaging .................. ................. .. ........... 174 
Table A- 8. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on lightness (L *), redness (a*), yellowness (b *), chroma (C\ and 
hue angle (h0 ) ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 175 
Table A- 9. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on stiffness and compression firmness ...................................... 176 
Table A- 10. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on the moisture content of the fruit stem ................................... 177 
Table A- 11. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on chlorophyll content of the fruit stem .............. .... ...... ........ ..... 178 
Table A- 12. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on the activity of polyphenol oxidase (PPO) ............................. 179 
Table A- 13. The score of stem-end rots of the control fruit and fruit in Bags 2 and 3 with 
or without clove oil during storage at 4°C (days) with and without 3 days of 
shelf life at 20°C ....... ... .. ... ...... ... .. .................................. ..... .. .......... .......... ....... 179 
Table A- 14. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on fruit discoloration score ........................................................ 180 
Table A- 15. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days), 
and clove oil on the scores of calyx lifting and blackening ............................ 181 
Table A- 16. Influence of packaging, cold storage at 4°C (days), shelf life at 20°C (days) , 
and clove oi l on the scores of stem yellowing and blackening ....................... 182 
List of tables XVlll 
List of symbols and abbreviations XIX 
LIST OF SYMBOLS AND ABBREVATIONS 
a redness/ greenness 
A the surface area of the fruit m2 
Ace area of gas chromatogram according to injected volume 
of sample (area) 
A.r;1m the surface area of the plastic packaging film m2 
b* yellowness/blueness 
c· colour intensity/chroma 
c chlorophyll a orb 
c E"g eugenol concentration mo! m-3 
CA controlled atmosphere 
Cl clove oil 
ho hue angle 
K ee detector response or slope of eugenol standard curve 
L• lightness 
L.1;1111 the thickness of the plastic packaging film m 
MAP modified atmosphere packaging 
M ;,,;1iat the initial weight of the fruit g 
M final the final weight of the fruit g 
M r the fruit mass kg 
NS not significant 
OTR oxygen transmission rate 
p packaging 
PE polyethylene 
ppm parts per million 
PPO polyphenol oxidase 
Pto the partial pressure of water vapour in the fruit Pa l 
p~20 the partial pressure of water vapour of the environment Pa 
p~:~ (T,,, ) the saturated water vapour pressure at the wet bulb Pa 
temperature 












the fruit skin permeance to water vapour 
net partial pressure of gas i as the difference between 
the partial pressure quantified when the fruit was 
placed in the jar and a certain period after placing the 
fruit in the sealed jar 
the film permeability to water vapour 
the difference in partial pressure between the fruit and 
the environment/ the difference in partial pressure 
between the inside of the aluminium can and the 
environment 
the universal gas constant (8.3145) 
relative humidity 
the respiratory quotient 
the respiration rate at storage or room temperature 
the rate of water loss 
the specific rate of exchange of gas i 
Storage duration 
Shelf life 




the air (dry bulb) temperature 
the fruit temperature directly under the skin of the fruit 
the wet bulb temperature 
the volume of 80% acetone 
the free volume in the jar calculated as the difference in 
volume between the fruit and the jar 
the volume of the fruit 
Injected volume of sample 
the weight of sample 



















water vapour permeance 
the psychometric constant ( 67) 
the density of water at 20°C (998.20) 
XXl 
mol s-1 m-2 Pa- 1 
Pa ac-I 
kg m-3 
